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power is available, electric lighting is in a position of still 
greater advantage, and, in point of cost, altogether beyond 
comparison with other means of producing light. 

To complete the comparison between the cost of electric light 
and gas light, we must consider not only the amount of coal 
required to yield a certain product of light in the one case and in 
the other, but also the cost of converting the coal into electric 
current and into gas; that is to say, the cost of manu¬ 
facture of electricity and the cost of manufacture of gas. I 
cannot speak with the same exactness of detail on this point as I 
did on the comparative cost of the raw material. But if you 
consider the nature of the process of gas manufacture, and that 
it is a process, in so far as the lifting of coal by manual labour is 
concerned, not very unlike the stoking of a steam boiler, and if 
electricity is generated by means of steam, then the manual 
labour chiefly involved in both processes is not unlike. It is 
evident that in gas manufacture it would be necessary to shovel 
into the furnaces and retorts five or six times as much coal to 
yield the same light product as would be obtainable through the 
steam engine and incandescent lamps. But here again it is 
necessary to allow for the value of the labour in connection with 
the products other than gas, and hence it is right to cut down 
the difference I have mentioned to half— i.e. debit gas with only 
half the cost of manufacture, in the same way as in our calcula¬ 
tion we have charged gas with only one-half the coal actually 
used. But when that is done there is still a difference of pro¬ 
bably three to one in respect of labour in favour of electric 
lighting. 

I have made these large allowances of material and labour in 
favour of the cost of gas, but it is well known that the bye 
products are but rarely of the value I have assumed. I desire, 
however, to allow all that can be claimed for gas. 

With regard to the cost of plant, I think there will be a 
more even balance in the two cases. In a gasworks you have 
retorts and furnaces, purifyingchambers and gasometers, engines, 
boilers, and appliances for distributing the gas and regulating 
its pressure. Plant for generating electricity on a large scale 
would consist principally of boilers, steam-engines, dynamo- 
electric machines, and batteries for storage. 

No such electrical station, on the scale and in the complete 
form I am supposing, has yet been put into actual operation; 
but several small stations for the manufacture of electricity 
already exist in England, and a large station designed by Mr. 
Edison is, if I am rightly informed, almost completed in 
America. We are therefore on the point of ascertaining by 
actual experience, what the cost of the works for generating 
electricity will be. Meanwhile, we know precisely the cost of 
boilers and engines, and we know approximately what ought to 
be the cost of dynamo-electric machines of suitably large size. 
We have, therefore, sufficient grounds for concluding that to 
produce a given quantity of light electrically the cost of plant 
would not exceed greatly, if at all, the cost of equivalent gas- 
plant. 

There remains to be considered, in connection with this part 
of the subject, the cost of distribution . Can electricity be distri¬ 
buted as widely and cheaply as gas ? On one condition, which 
I fully hope can be complied with, this may be answered in the 
affirmative. The condition is that it may be found practicable 
and safe to distribute electricity of comparatively high tension. 

The importance of this condition will be understood when it 
is remembered that to effectively utilise electricity in the produc¬ 
tion of light in the manner I have been explaining, it is necessary 
that the resistance in the carbon of the lamps should be relatively 
great to the resistance in the wires which convey the current to 
them. When lamps are so united with the conducting wire, that 
the current which it conveys is divided amongst them, you 'have 
a condition of things in which the aggregate resistance of the 
lamps will be very small, and the conducting wire, to have a 
relatively small resistance, must either be very short, or, if it be 
long, it must be very thick, otherwise there will be excessive 
waste of energy; in fact, it will not be a practical condition of 
things. 

In order to supply the current to the lamps economically, 
there should be comparatively little resistance in the line. A 
waste of energy through the resistance of the wire of 10 or 
perhaps 20 per cent, might be allowable, but if the current is 
supplied to the lamps in the manner I have described—that of 
multiple arc, each lamp being as it were a crossing between two 
main wires, then—and even if the individual lamps offered a 
somewhat higher degree of resistance than the lamps now in 


actual use—the thickness of the conductor would become exces¬ 
sive if the line was far extended. In a line of half a mile, for 
instance, the weight of copper in the conductor would become 
so great, in proportion to the number of lamps supplied through 
it, as to be a serious charge on the light. On the other hand, if 
a smaller conducting wire were used, the waste of energy and 
consequent cost would greatly exceed that I have mentioned as 
the permissive limit. 

Distribution in this manner has the merit of simplicity, it 
involves no danger to life from accidental shock; and it does 
not demand great care in the insulation of the conductor. But 
it has the great defect of limiting within comparatively small 
bounds the area over which the power for lighting could be dis¬ 
tributed from one centre. In order to light a large town electri¬ 
cally on this system, it would be necessary to have a number of 
supply stations, perhaps half a mile or a mile apart. It is 
evidently desirable to be able to effect a wider distribution than 
this, and I hope that either by arranging the lamps in series , so 
that the same current passes through several lamps in succession, 
or by means of secondary voltaic cells, placed as electric reservoirs 
in eacli house, it may be possible to economically obtain a much 
wider distribution. 

Whether by the method of multiple arc (illustrated by Diagram 
I.) which necessitates the multiplication of electrical stations; or 
by means of the simple series {illustrated by Diagram II.), or by 
means of secondary batteries connected with each other from 
house to house in single series, the lamps being fed from these 
in multiple arc (as illustrated by Diagram III.), I am quite 
satisfied that comparatively with the distribution of gas, the 
distribution of electricity is sufficiently economical to permit of 
its practical application on a large scale. 

As to the cost of laying wires in a house, I have it on the 
authority of Sir Wm. Thomson, who has just had his house com¬ 
pletely fitted with incandescent lamps from attics to cellars—to 
the entire banishment of gas—that the cost of internal wires for 
the electric lamps is less than the cost of plumbing in connection 
with gas-pipes. 

I have expended an amount of time on the question of cost 
which I fear must have been tedious ; but I have done so from 
the conviction that the practical interest of the matter depends 
on this point. If electric lighting by incandescence is not an 
economical process, it is unimportant; but if it can be esta¬ 
blished—and I have no doubt that it can—that this mode of 
producing light is economical, the subject assumes an aspect of 
the greatest importance. 

Although at the present moment there may be deficiencies in 
the apparatus for generating and storing electricity on a very 
large scale, and but little experience in distributing it for 
lighting purposes over wide areas, and consequently much yet to 
be learnt in these respects ; yet, if once it can be clearly esta¬ 
blished that, light for light, electricity is as cheap as gas, and 
that it can be made applicable to all the purposes for which arti¬ 
ficial light is required, electric light possesses such marked 
advantages in connection with health, with the preservation of 
property, and in respect of safety, as to leave it as nearly certain 
as anything in this world can be, that the wide 'substitution of 
the one form of light for the other is only a question of time. 
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fieation of tlie Wollaston method of determination for relations 
of light-refraction, by F. Kohlrausch,—On the setting of an 
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Hagen.—On determination of the constants of internal friction 
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mann.—Determination of the friction of liquids by Maxwell’s 
method, by Th. S. Schmidt—Researches on the volume-consti¬ 
tution of liquid compounds, by H. Schroder.—On the phosphates 
of thallium and lithium, by C. Rammelsberg.—On potassium- 
dithallium-chloride, by the same.'—-On the electricity of dames 
(corrections), by J. Elster and H. Geitel. 

Atii della R . Accademia del Lincei. Transunti, vol. vi. 
fasc. 13.—On Italian emigration in 1881 compared with that of 
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SOCIETIES AND ACADEMIES 

London 

Royal Horticultural Society, July 25.—Sir J. D. Hooker 
in the chair.— Hybrid Tacsonia: Dr, Masters exhibited a blossom 
of a hybrid between T exoniensis (itself a hybrid) and Vochsiemi. 
—Rhododendron camellii florum : Mr. Mangles exhibited a spray 
of this late-flowering species, which resembled a tea in flower. 
It bore only one flower instead of two together, as described by 
Hooker; and he suggested it might be identical with R. sparsi- 
■florum , Booth, of Bhotan. In foliage it agrees with R. Maddeni. 
—Hollyhock disease: Mr, W. G. Smith gave an account of his 
planting healthy seeds of the hollyhock and others affected with 
Puccmia. He planted twenty tainted seeds, one of two only 
which germinated, survived. This one appears to be quite un¬ 
affected. Of fifty healthy seeds, all germinated. After the 
third week, leaves of common mallow diseased with Puccinia 
-were scattered amongst them. In less than a week forty-six of 
the seedlings died of the disease.— Rhododendron hybrids: Mr. 
Veiteh sent blossoms of seedlings of a hybrid, to show interesting 
deviation*, a slightly double flower having been artificially “self- 
fertilised,” twenty seedlings were raised from it. Of these five 
have blossomed, as follows: a deep rose, a double white, a semi¬ 
double yellow, a salmon, and a semi-double rose. The remarkable 
features about them are that white crossed by orange gives pink, 
the yellow being eliminated, and that a rudimentary calyx ap- 
pears on these seedlings, R. c ffQsminijlorum > one of the original 
parents, having none.—Mr, Henslow remarked on the general 
tendency to suppress a calyx in flowers, which are small and 
massed together, as in Rubiaceae, Caprifoliacese, Umbelliferaj, 
&c., and suggested that its re-appearance was correlated to the 
enlarged corolla, and less “massing” of tbe truss*than occurs 
in R. Jas mini florum. 

Paris 

Academy of Sciences, July 31. —M. Jamin in the chair.— 
The following papers were read *.—On the period of variable 
state which precedes the regime of detonation, and on the condi¬ 
tions of establishment of the explosive wave, by MM. Berthelot 
and Vieille. They recorded on a rotating cylinder, the spark 
causing the initial inflammation at the entrance of the tube, and 
the di placement of a very light piston moving freely in the tube 
at the other end. They study the velocities, the corresponding 
pressures, and the limits of detonation.—Additional note on the 
rapid solution of the problem of Kepler, by M. Zenger. 
— Auxiliary tables for calculating the true anomaly. of 
planets, by the same.—On some theorems of electricity, 
demonstrated in an inexact way in didactic works, by M. 
Machai. -—On the longitudinal vibrations of elastic wires whose 
ends are submitted to any strains, by MM. S'ebert and Hugoniot. 
—On the electric resistance ot glass at low temperatures, by 
M. Foussereau. Using ordinary glass with base of soda and 
lime, Bohemian glass and crystal, the electric conductivity 
was found to rise rapidly with the temperature. The method is 
described, and formulae are given.—On the flow of sound in 
pipes, by M. Neyreueuf. With a sensitive flame, from a burner 
like the Bunsen, but having, instead of the lower air holes, one 
small lateral orifice at about two-thirds of the height, he mea¬ 
sured the intensity of a sound (from strokes of a bell) that had 
traversed tubes of different length and diameter, watching at 
what distance from the mouth of the tube the flame became 
insensible. He obtains a formula representing the law.—On the 
heat of dissolution of some mixtures, by M. Chroustchoff.— 
Action of ammonia on oxide of copper, by M. Maumene.—On 


the composition of vins de marc , by M. Girard. This name he 
applies to wines from fermentation of sugar in presence of the 
residua of vintage. He says they have a pretty regular composition, 
and have alimentary and hygienic qualities equivalent to two-thirds 
to half those of ordinary wines.—On the ethers of glycol, 
C 22 Hi 4 0 2 , by M. Rousseau.—Preparations of acetyleyanacetic 
ether and some of its metallic derivatives, by MM. Haller and 
Held.—On the conditions of formation of rosanilines, by MM. 
Rosenstiebl and Gerber.—On a new use of electrolysis in dyeing 
and printing, by M. Goppelsroeder. For example, he impregnates 
tissues or paper with an aqueous solution of chlorhydrate of 
aniline, puts it on a non-attackable metal plate, which he con¬ 
nects with one pole of a battery or small dynamo. On the tissue 
or paper is placed a second metal plate having a design in relief 
and joined to the other pole; on pressure and passage of the 
current the design is reproduced. A modification of the method 
gives chemical discharge of colour. The current, again, is used 
to prepare vats of indigo, aniline black, &c. ; the hydrogen 
which arises at the negative pole being utilised. It is also used 
to prevent oxidation of colours in printing.—On the formation 
and decomposition of acetanilide, by M. Menschutkin.—On the 
products of distillation of colophany, by M. Renard.—On 
Crenothrix Kiihniana (Rabenhorst), cause of infection of the 
waters of Lille, by M. Giard. This gives an iron red scum in the 
water of the Emmerin springs supplying the town. The evil has 
been very pronounced this spring. Rains bring it on; engaging 
these small organisms, that quickly develop in the moist earth pre¬ 
pared by dejections from distilleries, &c.—Structure of the nervous 
systems of molluscs, by M. Viguel.—On the male sexual organs 
and the Cuvier organs of Holothurians, by M. Jourdain.—Re¬ 
searches on the production of monstres, in the hen’s egg, by 
means of slow incubation, by M. Dareste.—On sexuality in the 
ordinary system ( 0 . Edulis) y and in the Portuguese system (O. 
Angulata); Artificial fecundation of the latter, by M. Bouchon- 
Brandely.—On the properties of antiseptics, and volatile products 
of putrefaction, by M. Le Bon. The disinfectant power of any 
antiseptic is weaker the older the putrefaction. The strongest 
disinfectants are permanganate of potash, chloride of lime, 
sulphate of iron acidified with acetic acid, carbolic acid, and the 
glyceroborates of sodium and potassium. There is no parallelism 
between disinfectant action of an antiseptic and its action on 
microbes; nor between the power of preventing putrefaction 
and that of stopping it when it has begun. Except a very few 
substances, strongly poisonous (such as bichloride of mercury), 
most antiseptics, and notably carbolic acid, have very little action 
on bacteria. There is no parallelism between the virulent power 
of a substance in putrefactiou and the toxical power of volatile 
compounds liberated from it. The volatile alkaloids from ad¬ 
vanced putrefaction are very poisonous. The air of cemeteries 
may be very dangerous.—On an observation of diffuse lightning, 
by M. Rousseau. 
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